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Extended Abstract

Introduction

Rice is one of the most important cereals in providing food security and the main food of billions of people in the
Asian continent and many other parts of the world. Drought is the most important factor limiting rice production
in paddy fields, which affects all stages of rice growth and development. Research has shown that avoiding the
conventional flood irrigation methods in rice cultivation and using alternative methods such as intermittent
irrigation have a great effect on increasing water productivity and reducing its consumption. But in determining
the most suitable alternative method of irrigation in each region, it should be noted that the effects of water shortage
change with changes in the intensity, duration, and time of its application. Today, many Crop Growth Models
(CGMs) have been designed to avoid the huge costs of conducting field research, speed up finding suitable
solutions, and help to better understand and solve problems related to water movement in the soil and plant growth.
Studies show that CGMs can consider the effect of different stresses, such as water stress, on dry matter production
and grain yield during the growth period. One of the CGMs is the AquaCrop model developed by FAO. The
presence of factors such as moderate to severe water stress causes a significant decrease in the simulation accuracy
of the model, which is mentioned as one of the defects of the model. Most studies with the AquaCrop model have
been limited to data collected in short periods. Therefore, this research aims to evaluate the efficiency and precision
of the AquaCrop model in simulating rice grain yield and biomass under multiple water stresses and during
different years.

Materials and Methods

In order to evaluate the precision of the model in predicting the grain yield and biomass of rice, using data collected
from several research projects carried out in different years, the model were first calibrated and validated. The
Hashemi variety was used in all these projects is the most common variety cultivated in Guilan province. All
agricultural operations of planting, growing, and harvesting were carried out according to regional customs, and
the amounts of chemical fertilizers, herbicides, and pesticides were based on the recommendations of experts in
agriculture and herbal medicine from the rice research institute. For the present study, a total of 45 irrigation
treatments were selected from the previous projects carried out in the lands of the Country Rice Research Institute,
Lahijan, and Soumesara, of which 31 treatments were used for the calibration section and 14 treatments were used
for model validation. The model was implemented for each irrigation treatment separately, and the grain yield and
biomass values obtained from the simulation were analyzed with the measured values based on the statistical
indicators used in this research.

Results and Discussion

Based on the results of calibration of the model, the range of observed grain yield was 2100 to 4870 with an
average of 3765 kg.ha'!. This is while the corresponding values simulated in the calibration conditions by the
model were from 1749 to 4704 with an average of 3748 kg.ha'!. The precision of the model is low at the low
performance limit, but very accurate at the high and average performance limits. This phenomenon can be
attributed to the estimation error of the model in the presence of environmental stresses such as water and fertilizer
stress, which have also been mentioned in the studies of other researchers. Also, the values of RMSE and NRMSE
for yield simulation were equal to 309.65 kg.ha™! and 8.22%, respectively, which indicates very good precision in
model calibration. Also, RMSE and NRMSE values for biomass simulation in calibration conditions were equal
to 596.31 kg.ha! and 6.41%, respectively. The values of RMSE and NRMSE for the simulation of yield in the
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validation conditions were equal to 168.42 kg.ha™! and 10.30%, which indicates good precision in model validation.
Also, the values of RMSE and NRMSE for the simulation of biomass were equal to 554.71 kg.ha! and 12.90%,
which shows the good precision of the model in validation. Examining the results of the model in different water
stresses showed that with the increase of water stress from permanent waterlogging to high stress through the
addition of irrigation cycles, the amount of model error in yield simulation increases.

Conclusion

In general, the AquaCrop model has good precision in simulating the grain yield and biomass of the Hashemi rice
variety, but the more severe the amount of water stress, the lower the precision of the model and the higher its
error. This problem is attributed to the structure of the model and the mathematical equations used in it, as well as
the measured data. However, the AquaCrop model has many advantages such as the need for less data, the ability
to be used for a wide range of crops and the user-friendliness of the model and it is recommended to use the
AquaCrop model in different irrigation managements, especially in conditions without severe water stress, where
the model has very good precision. Nevertheless, due to the advantages, it is recommended that the AquaCrop
model be used in different irrigation management strategies, especially under non-extreme water stress conditions,
where it performs with very good precision.
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Table 1- Range of the soil analysis results to crop depth at the study sites

. EC Total nitrogen Absorbable phosphorus Absorbable potassium .
Saturation percentage (dS.m™ %) (mg.L") (mg L) Soil texture
65-75 0.56-1.05 0.130-0.189 10.60-17.80 280-315 Si-Cl to Si-Cl-Lo
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Table 2- Range of the irrigation water analysis resultsof the study sites

EC(dS.m™) pH Carbonate  Bicarbonate Cl Sos Ca Mg Na SAR

0.85-1.15 7.30-7.67 1.20-1.30 3.33-4.70 4.10-4.60  0.39-042 3.90-4.40 1.70-290 5.10-7.20  3.01-4.40
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Table 3- Average long-term meteorological data of the study sites (2001-2021)
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Table 4- The characteristics of the treatments used for the model calibration and validation in different years

year water treatment location and refrence
2004-2006 permanent flooding and 5 and 8-day irrigation intervals Rice Research Institute of Iran (Rezaei, 2008)
2001-2002 permanent flooding and 5 and 8-day irrigation intervals Rice Research Institute of Iran (Rezaei and Nahvi,

permanent flooding and stress during the vegetative and

2003)

2021-2023 . . Someh-Sara (conducted in this research)
reproductive periods

2017-2019 permanent flooding and 4, 8, and 12 day irrigation intervals Rice Research Institute of Iran (Rezaei et al, 2023)

2021-2023 permanent flooding and 5 and 8-day irrigation intervals Lahijan (conducted in this research)
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Table 5- Calibration of model plant components for Hashemi rice variety

parameters unit default calibrated
base temperature C 8
cut off temperature C 30
canopy growth coefticient (CGC) Al 59 13.1
canopy decline coefficient (CDC) A 59 11.8
water productivity (WP) g/m? 20
maximum canopy cover % 95
canopy decline 395 25
harvest Index (HI) % 57
crop coefficient when canopy is complete (Kcr:x) ) 1.15
upper threshold for canopy expansion ) 05
lower threshold for canopy expansion ) 0.8
leaf expansion stress coefficient curve shape ®) 0.0
water stress coefficient for stomatal closure ) 0.7
shape factor for water stress coefficient for stomatal closure ) 3.0
soil water stress coefficient for canopy expansion ) 0.6
shape factor for water stress coefficient for canopy expansion ) 3.0
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Table 6- Simulated and observed values of grain yield and biomass (kg.ha™) for model calibration

water treatment yield biomass
er treatne observastion simulation relative error (%) observastion simulation relative error (%)
1 4871 4704 -3.43 11157 11326 1.49
2 4730 4501 -4.84 10342 9841 -5.09
3 4175 3955 -53 9797 9730 -0.69
4 4090 4099 0.24 9312 9280 0.34
5 4089 3557 -13.02 10491 10300 -1.85
6 4417 4549 2.99 10712 11650 8.05
7 4300 3846 -10.56 10462 10500 0.36
8 4300 3846 -10.56 10185 9400 -8.35
9 4180 3553 -15.00 9382 9500 1.24
10 4179 3902 -6.63 9647 9600 -0.49
11 3548 3587 1.11 7104 6900 -2.96
12 3521 3445 -2.15 8367 8451 1.00
13 3490 3452 -1.09 10677 9501 -12.38
14 3988 4043 1.38 8643 8656 0.15
15 3937 3837 -2.53 9069 7921 -14.49
16 3935 4180 6.24 9576 9471 -1.11
17 3858 4448 15.29 8451 8950 5.57
18 3850 3714 -3.53 8041 8197 1.91
19 3820 3870 1.31 9775 8562 -14.17
20 3657 4059 11.96 7322 7025.5 -4.22
21 3200 3418 6.81 9403 8648 -8.73
22 3000 3163 543 7999 8454 5.38
23 3475 3816 9.81 8302 8732 4.92
24 3450 3452 0.06 11323 11173 -1.34
25 3420 3829 11.96 10096 10497 3.82
26 2780 2638 -5.11 8798 9982 11.86
27 2565 2664 3.84 10135 10095 -0.40
28 2226 2211 -0.66 9224 10081 8.50
29 4704 4857 325 8424 8085 -4.19
30 4550 4156 -8.66 7589 6928 -9.54
31 4477 4488 0.24 7373 7683 4.03
RMSE (kg/ha) 309.65 596.31
NRMSE (%) 8.22 6.41
R? 0.80 0.77
g 3
s y =0.832x+ 1606.1 M - g M
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Figure 1- (a) Calibration of the simulated yield values against observed values (kg.ha'); (b) Calibration of the simulated biomass
values against observed values (kg.ha™)
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Table 7- Simulated and observed values of grain yield and biomass (kg.ha™) for model validation

yield biomass
water treatment observastion  simulation relative error observastion simulation relative error
(%) (%)
\ 4654 4667 0.28 11157 11000 -1.43
Y 4541 4820 6.12 10899 10000 -8.99
) 4250 4459 4.92 9633 8800 -9.47
¥ 4190 3886 -7.26 10712 9800 -9.31
o 4090 4100 0.24 10574 10027 -5.46
e 4080 4647 13.90 8022 7284 -10.12
v 3957 4446 12.34 9929 10113 1.98
A 3882 3779 -2.66 10008 9362 -6.89
a 3833 3888 1.41 9464 7717 -22.64
Ve 3635 3957 8.86 9403 8476 -10.94
A 3507 3441 -1.88 10695 11036 3.09
Y 3450 3251 -5.77 11323 10360 -9.30
W 3300 3297 -0.09 10777 9579 -12.51
i 2630 2604 -0.99 9059 9392 3.55
RMSE (kg/ha) 168.42 554.71
NRMSE (%) 10.30 12.90
R? 0.85 0.70
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Figure 3- Percentage of relative error of model estimation in the two parts of calibration and validation versus observed
performance (kg.ha™)
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